Goal: Bomb calorimeter measurements are presented for cyclopropanecarboxylic acid and 1,4-cyclohexanedicarboxylic acid and the heat of combustion is determined for both compounds. Students are then guided to learn about strain energy by comparing the results obtained for these two compounds.
If the heat of formation and combustion of 1,4, cyclohexane-di-carboxylic acid differ from twice as those of cyclopropanecarboxylic acid, the difference provides information regarding the structural stabilities of these two compounds.
Experimental Data:
Heats of combustion of cyclopropanecarboxylic acid and 1,4 cyclohexane-di-carboxylic acid were obtained using an adiabatic bomb calorimeter. The calorimeter is initially calibrated with a known amount of benzoic acid having a known amount of heat of combustion, Q m = 26414 ± 3 J/g. The temperature rise is measured, and the calorimeter heat capacity, C, is obtained from:
.
(
Both the heat of combustion of benzoic acid and the heat released by the combustion of the nichrome wire contribute to Q tot , and therefore the heat due to combustion of the wire must be subtracted from Q tot to obtain accurate results for the compound under investigation. Thus, we have:
2 of 3 q 1 is obtained by measuring the change in length of the nichrome fuse after ignition and multiplying this value by the conversion factor. For the No.34 -gauge nichrome wire used in this experiment, this value is 9.6 J/cm; hence where L o and L are the initial and final lengths of the nichrome fuse, respectively, in centimeters, .
Once the calibration was carried out, two trials were conducted for each compound in question. In the case of the 1,4-cyclohexane-dicarboxylic acid, a pellet of approximately 1 gram mass was created and the same procedure used to calibrate the bomb was followed again to measure the temperature change associated with the combustion of the compound. For the cyclopropanecarboxylic acid trials a benzoic acid pellet of .7 -.8 gram mass was made, and liquid cyclopropanecarboxylic acid was pipette onto it until the mass of the pellet and solution was approximately 1 gram. The following data were obtained in the physical chemistry laboratory of UW-Green Bay. Exercise:
